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Turnover frequency (TOF) calculation
The TOF (Table 1) was calculated from the following equation: [1] We assumed that all the metal atoms on the surface of the electrode are electrochemically active. Thus, the average surface atom density of the polycrystalline nickel electrode was used as the active site density. The surface atom density was calculated based on the atomic volume of nickel. [2] For example, at an overpotential of 320 mV (entry 3, Table 1), the TOF of hydrocarboxylation was calculated as follows.
Magnified 1 H NMR spectra (δ 3.10 -2.50) of deuterium-labeled (top) and unlabeled (bottom) hydrocinnamic acid
Characterization of products
Reaction conditions: Electrolysis of reactant styrenes (0.1 M) with water (0.1 M) in 4 mL of CO 2 -saturated DMF and TBABF 4 (0.1 M) electrolyte was conducted on a Ni cathode-Mg anode for total charge of 20 C at room temperature and under atmospheric pressure of CO 2 . Then, reactants were treated with HCl (2 M, aq) for 3 h and extracted with diethyl ether (3 × 20 mL). The organic layer was washed with distilled water and evaporated. The obtained products were re-dissolved in diethyl ether (10 mL) and extracted with of 1 M NaOH (3 × 20 mL). The aqueous solution was washed with diethyl ether, acidified with HCl (2 M, aq) and extracted with diethyl ether (3 × 20 mL). The organic layer was washed with distilled water, dried with MgSO 4 , and evaporated to give the final product. (1 6, 173.2, 139.2, 129.2, 128.3, 127.7, 47.4, 38. 3, 141.4, 128.8, 128.7, 126.5, 35.8, 30.9 3-(4-Fluorophenyl)propanoic acid (2c) 1 H NMR (400 MHz, CDCl 3 ) δ 7.16 (t, J = 6.8 Hz, 2H), 6.97 (t, J = 8.4 Hz, 2H), 2.92 (t, J = 8.4 Hz, 2H), 2.68 (t, J = 7.6 Hz, 2H). 13 C NMR (150 MHz, CDCl 3 ) δ 178. 3, 162.3, 160.7, 135.8, 129.7, 129.7, 115.4, 115.2, 35.7, 29.8 8, 163.7, 162.1, 142.7, 130.0, 123.9, 115.3, 113.4, 35.1, 30.3 
2-Phenylsuccinic acid

NMR spectra
(1) NMR spectra of electrolyte with styrene substrates before the electrolysis To identify potential impurities comes from the reactant chemicals and solvents, NMR spectrum of electrolyte with styrene substrates were obtained before the electrolysis. DMF and TBABF 4 (0.1 M) electrolyte with styrene substrates (0.1 M) were treated with HCl (2 M, aq) for 3 h and extracted with diethyl ether (3 × 20 mL). The organic layer was washed with distilled water, dried with MgSO 4 and evaporated. The isolated chemicals were dissolved in CDCl 3 for NMR analysis. On the basis of the following NMR spectra, we distinguished the carboxylated product peaks from the residual impurity and substrate peaks. The unknown peaks may come from the chemical stabilizers and the solvent impurities.
Substrate : 4-Methoxystyrene
Substrate : 4-Methylstyrene Electrolysis was conducted with j = 10 mA cm -2 and charge passed = 20 C. The products in the electrolyte were acidified with HCl (2 M) and extracted with ether for 1 H NMR detection (1 and 2). The gas products (H 2 , CO and CH 4 ) in the reactor headspace were detected by gas chromatography. 
